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[57] ABSTRACT 

An economical and effective explosive composition is 
manufactured by combining appropriate proportions 
of activated ammonium nitrate, a fuel and preferably a 
sensitizer. The preferred fuel is a liquid hydrocarbon 
derivative or a liquid or solid hydrocarbon derivative 
which is soluble in the sensitizer and which has a fuel 
value greater than that of the sensitizer. The preferred 
sensitizers are nitroalkane, or dimtroaromatic com- 
pounds most preferably nitromethane. The explosive 
composition is made more effective through an activa- 
tion procedure upon the ammonium nitrate. The am- 
monium nitrate utilized with the present invention is 
in the form of prills, porous spherical pellets. These 
prills can be activated by adding a small amount of 
water to the prills, thoroughly mixing the water so that 
it is all absorbed, heating the prills to an elevated tem- 
perature, evaporating the water from the prills, and 
then preferably cooling the prills. 

15 Claims, 6 Drawing Figures 
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METHOD OF PETONATING AN AMMONIUM 

NITRATE-FUEL OIL COMPOSITION WITH A 
NUMBER 6 CAP 

BACKGROUND OF THE INVENTION 

This invention relates to an explosive and a method 
for manufacturing explosives. More particularly, the in- 
vention relates to a two component, liquid-solid, am- 
monium nitrate based explosive and a process for ac- 
tivating the ammonium nitrate component. 

The explosives industry has been for a long time 
striving for a general purpose explosive and an explo- 
sive with substantial brisance which is detonable by a 
small cap, for example, a number 6 explosives cap. This 
type of explosive has been manufactured and sold, 
however, it generally has been uneconomical in the 
sense that the components of the explosive required to 
sufficiently sensitize the explosive composition to a 
number 6 cap are expensive. Another drawback to 
such an explosive has been that it is extremely sensitive 
and must be shipped in commerce under the explosives 
regulations. This again decreases the economic feasi- 
bility of use of such an explosive to all but a few con- 
sumers. Hence, most general purpose explosives and 
explosives with substantial brisance are not the type 
which are detonable by a number 6 cap but require a 
priming charge. Again, the priming charge causes addi- 
tional expense in using the explosive. 

One way in which explosive manufacturers have thus 
far tried to circumvent the foregoing problems is to 
ship an oxidizing composition such as ammonium 
nitrate separately from a fuel. The two are then inter- 
mixed at the site of use to create an explosive mixture. 
All of these compositions, however, have had the draw- 
back that they are not number 6 cap sensitive, but 
require a primer explosive. For example, U.S. Pat. No. 
2,892,377 discloses a sealed container of ammonium 
nitrate. At the site of use a liquid fuel is injected into 
the container. The thus formed explosive can be ex- 
ploded with the aid of a detonator charge. However, 
the composition disclosed therein is not capable of 
detonation with a number 6 cap. 

Other attempts to make an explosive which is 
detonable by a number 6 cap have included the utiliza- 
tion of a sensitizing fuel such as a nitroalkane. Some of 
these attempts have been successful in that an explo- 
sive mixture detonable by a number 8 cap can be 
manufactured. These compositions also have draw- 
backs. For example, in order to cause the energy 
released by such a composition to be anywhere near 
maximum (that is to be oxygen balanced) a substantial 
amount of nitroalkane is necessary. The best sensitizing 
nitroalkane, of course, is nitromethane. In order to ob- 
tain a powerful explosive composed of nitromethane, 
for example, and ammonium nitrate, for example, the 
mixture must contain substantial nonabsorbed liquid. If 
in the use of such a composition a cap, for example a 
number 6 cap, is inserted into the mixture below the 
liquid level line, the composition will not detonate 
upon explosion of the number of 6 cap. However , if the 
cap for such an explosive is positioned above the liquid 
level, detonation may or may not occur. The undesira- 
ble effect of this phenomenon is that in the normal use 
of explosives such care in positioning the number 6 cap 
cannot and is not always taken, thus occasionally 
resulting in nondetonation upon explosion of the 
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number 6 cap. Such an occurrence, of course, is un- 
desirable from a safety standpoint, and from the stand- 
point of the manufacturer who is desirable of produc- 
ing an explosive which will detonate under any condi- 
5 tion with a number 6 cap. 

Other attempts at producing a more sensitive explo- 
sive have included the process of activating or super- 
sensitizing the oxidizing material such as ammonium 
nitrate. For example, in U.S. Pat. No. 3,388,014 there 
10 is disclosed a method for activating ammonium nitrate. 
Briefly, the method includes the steps of cycling the 
ammonium nitrate at a low moisture content through 
the 32.1° C. crystalline phase transition. This patent 
discloses that such cycling will decrease the density and 
* increase the sensitivity of ammonium nitrate to detona- 
tion. It must be realized, however, that on a commer- 
cial scale, multiple cycles from below 32. 1° C. to about 
32.1° C. on commercial quantities of ammonium 
20 nitrate will result in great expenditures of heat energy. 
In addition, apparently precise control is necessary to 
obtain a sensitized ammonium nitrate. Additionally, 
foreign nucleating agents or seed crystals must be 
added during the process of making ammonium nitrate 
25 prills in order to successfully cycle the prill. This again 
requires the utilization of a special ammonium nitrate 
or alternatively requires an explosives manufacturer to 
produce his own ammonium nitrate, as such ammoni- 
um nitrate prills formed around seed crystals are not 
30 readily available at commercially attractive prices. 

Thus, it is desirable to possess an explosive which is 
sensitive to a number 6 blasting cap. Secondly it is 
desirable to possess an explosive composition which 
can be shipped in commerce as a nonexplosive. It is 
35 further desirable to have an explosive which is a two 
component explosive, preferably one being a liquid 
component and the other being a solid component. It is 
further desirable to possess a two component explosive 
composition which is mixed by the ultimate consumer 
40 or by a local distributor which can be easily mixed and 
combined. It is also desirable to possess a two com- 
ponent explosive, one component being liquid, the 
other component being solid which has a low cost while 
45 remaining number 6 cap sensitive. 

SUMMARY OF THE INVENTION 

The foregoing desirable attributes of an explosive are 
fulfilled by the present invention. The present inven- 
50 tion broadly provides an economical, low cost, number 
6 cap sensitive, explosive composition which can be 
shipped in commerce in two components, one liquid 
and one solid, and which can be easily mixed at the use 
situs. Certain preferable forms of the two component 
55 explosive are self-mixing, thus requiring no shaking or 
physical intermixing of the two components. 

The present invention, therefore, provides a method 
of producing activated ammonium nitrate prills com- 
prising combining a nondissolving proportion of a sol- 
60 vent for ammonium nitrate with ammonium nitrate 
prills, heating the prills to an elevated temperature, and 
evaporating substantially all of the solvent from the 
prills. The invention provides an explosive mixture 
detonable by a commercial number 6 cap comprising 
^ activated ammonium nitrate prills and a fuel selected 
from hydrocarbon derivatives having an oxygen 
equivalent weight less than about 4 grams per 
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equivalent, preferably less than about 3.5 grams per the solid component no sensitizer is necessary. The sen- 

equivalent and most preferably less than about 3 grams sitizing component includes the organic compositions 

per equivalent. A sensitizer selected from an organic containing relatively substantial amounts of nitrogen 

compound containing nitrogen-oxygen bonds and oxygen bonded together. The preferred composi- 

preferably a lower nitroaromatic compound or a 5 tions containing N-O bonds are the nitroalkane com- 
nitroalkane, most preferably nitromethane, can be sub- positions which have three carbon atoms or less and the 

stituted for or used conjunctively with the fuel. dinitroaromatic single ring compounds. Most 

Furthermore, the invention provides a container for preferably nitromethane and the dinitrotoluene oils are 



the solid component of the two component mixture 
comprising an enclosure for holding a predetermined 
amount of solid component of an explosive mixture, 
and means in said enclosure for admitting a liquid com- 
ponent thereto. The method for detonating the two 
component explosive mixture of the present invention 
comprises adding to the activated ammonium nitrate 
prills a liquid component selected from a hydrocarbon 
derivative having an equivalent weight less than about 
4 grams per oxygen equivalent, an organic compound 
containing nitrogen-oxygen bonds, or mixtures of the 2 o 
foregoing compounds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the invention can be 
derived by reference to the ensuing specification in 25 
conjunction with the accompanying drawings wherein: 

FIG. 1 is a graph of number 6 cap detonable com- 
positions prepared in accord with the invention; and 

FIGS. 2 through 6 are containers for the solid com- 
ponent of the two component explosive of the present 30 
invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention has three aspects. The first is 35 
the provision of a two component explosive which is 
composed of a liquid component and a solid com- 
ponent. Each of these components forms a non-cap 
sensitive composition which can be shipped in com- 
merce without the normal restrictions and expense ap- 4Q 
plied to compositions rated as explosives. The second 
portion of this invention relates to containers for one 
component of the explosive, which containers provide 
an easy means of combining and intermixing the two 
nonexplosive components to form an explosive com- 45 
position. The third portion of the invention relates to 
the activation of the solid component of the two com- 
ponent explosive. By activation it is meant making the 
explosive composition more sensitive to detonation by 
a low energy cap such as a number 6 explosive cap. 50 
Although the aspects of the present invention will be 
described in terms of preferred embodiments, it is to be 
understood that many equivalents, substitutions, altera- 
tions, and other variations can be made upon the inven- 
tion as defined in the appended claims without depart- 35 
ing from the intention thereof. 

Accordingly, the preferred explosive composition in- 
cludes a first liquid fuel and sensitizer component 
which can be conveniently stored and transported in a 
bottle or other container to its site of use. The liquid 
component of the explosive of the present invention 
preferably comprises a first composition supplied 
primarily as a fuel and a second composition provided 
primarily for its sensitizing effect on the solid com- ^ 
ponent of the explosive of the present invention. The 
sensitizing component is preferably present; however, 
as will be seen later, for certain levels of activation of 



utilized. 

The fuel component of the preferred form of the 
present invention must be one which is soluble in the 
sensitizing composition or nitroalkane composition. 
The preferable fuel compositions which are mutually 
soluble in the nitroalkanes and dinitrotoluene oils in- 
clude the aromatic hydrocarbons, particularly those 
having less than about nine carbon atoms. Examples of 
these aromatics are benzene, toluene, the xylenes (in- 
cluding o-, m- and p-xylene, and ethylbenzene) and 
other alkyl substituted benzene compositions. It has 
further been found that high molecular weight aro- 
matic compositions such as aromatic petroleum 
naphthas are also particularly effective for use as a fuel 
with the liquid component of the explosives mixture. 
All of the fuel compositions need not be of high purity, 
as commercial grades of these different compositions 
will effectively formulate to produce an explosive com- 
position. An example of a petroleum naphtha which 
will effectively produce an explosive composition is 
one sold under the trade name “SC-150,” available 
from Texas Solvents, Dallas, Texas. 

In addition, it has been found that certain ox- 
ygenated and nitrogenated organic compounds such as 
the lower alcohols, esters, ketones, acids, aldehydes, 
ethers, and amines will also provide an explosive mix- 
ture in combination with a nitroalkane or 
dinitrotoluene sensitizer. In addition, certain lower 
aliphatic compounds and mixtures such as gasoline will 
also provide a sufficiently active fuel to produce an ex- 
plosive composition which is detonable with a number 
6 explosive cap if they are used within their solubility 
limits or are further solubilized by an oxygenated or- 
ganic compound such as butyl acetate. Regardless of 
the fuel composition, however, it should have a weight 
of less than about 4 grams per equivalent, preferably 
less than about 3.5 grams, and most preferably less than 
about 3 grams. 

The solid component of the explosive mixture of the 
present invention is composed of ammonium nitrate. 
Ammonium nitrate as an oxidizer is commercially 
available in the form of prills, porous spherical parti- 
cles. As commercially available, ammonium nitrate 
prills have a density commonly greater than about 0.80 
grams per cc. In addition, their oil retention, calculated 
as hereinafter set out, is generally about 10 percent or 
less by weight. It has heretofore been thought that the 
potentially most desirable ammonium nitrate-fuel and 
ammonium nitrate-fuel-sensitizer mixtures from the 
standpoint of price, oxygen balance, energy release and 
non-toxicity of the explosion products were generally 
not detonable by a number 6 cap; it was thought that a 
primer charge was necessary to detonate such mix- 
tures. However, it has been found that certain desirable 
specifically defined mixtures will detonate with a 
number 6 cap utilizing the activated ammonium nitrate 
prills of the present invention and commercial grade 
fuels or mixtures of fuels and sensitizing agents. 
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polygon A', C\ D\ E\ F', G', H’, J' and K.' are detona- 
ble with a number 6 cap. However, those compositions 
containing more than about 50 equivalents of 
nitromethane per 100 equivalents of ammonium nitrate 
corresponding to the compositions above the line I', L' 
and yet within the aforementioned polygon are less 
desirable because the composition becomes too wet. 
That is, the lightly activated ammonium nitrate cannot 
absorb all of the liquid fuel including nitromethane and 
xylene which are required to bring it within the ap- 
propriate compositional mixture. If a number 6 cap, for 
example, is inserted below the liquid level line of the 
composition (the free liquid level) the number 6 cap is 
not capable of detonating the mixture. However, if the 
5 number 6 cap is placed above the free liquid level line, 
the number 6 cap may detonate those compositions 
within the polygon L', I', J', K'. Those compositions 
falling within the smaller polygon B', C', D', E', F', G', 
20 H', I' are the most preferred since they all are very near 
the oxygen balance line and also comprise a mixture 
which is not at all wet, that is, does not contain excess 
free liquid component. The compositions falling within 
the yet smaller polygon G', H', I', M' are the most 
25 preferred since they are essentially self mixing, that is, 
the capillary action and absorptivity of the ammonium 
nitrate coupled with these fuel compositions will 
completely permeate the ammonium nitrate without 
leaving any free liquid and without the necessity for 



As an example, refer to FIG. 1 which is a plot of cer- 
tain compositions containing lightly activated ammoni- 
um nitrate prills found to be detonable by a number 6 
cap. The ordinate in FIG. 1 is a scale from 0 to 100 of 
oxygen equivalents of nitromethane per 100 
equivalents of ammonium nitrate. The abscissa is a plot 
of oxygen equivalents of xylene per 100 equivalents of 
ammonium nitrate. Thus, the 45° line between 100 on 
each of the ordinate and abscissa is the oxygen balance 
line, meaning that no excess of xylene and 
nitromethane is present in relation to the ammonium 
nitrate oxidizer for compositions falling on the 45° line. 

Of course, it is understood that maximum energy is 
released by a given composition if it falls near the ox- 
ygen balance line. Any composition being less than ox- 
ygen balanced, that is, having less nitromethane or 
xylene than is required to bring the composition to the 
oxygen balance line will not have or will not release the 
same amount of energy as will an oxygen balanced mix- 
ture. Anything outside (or above) the vicinity of the ox- 
ygen balance line in terms of nitromethane or xylene, 
will merely cause fuel waste, as there will be excess fuel 
in relation to the amount of oxygen present. It is also to 
be understood that a less than oxygen balanced mixture 
is for certain applications not undesirable. For exam- 
ple, the composition labeled “C” would not be an op- 
timal explosive for moving objects such as boulders, 

tree stumps or the like. However, the explosive mixture leaving any free liquid and without the necessity to; 
labeled “C” does have substantial brisance, that is, the 30 s h a i c j n g ) stirring, or any sort of mixing. Those composi 
shattering or crushing effect of the explosive composi- tions w}th j n ^ polygon b', C', D', E', F', M' do 

tion. Such a composition as is labeled “C” when ex- requ j re some shaking or mixing prior to attempting a 

ploded in near proximity to a boulder of, for example detonation with a number 6 cap. It is to be understood 

limestone or granite, will shatter the boulder into a tbat ^ areas ^thin the polygons of FIG. 1 represent 

number of small pieces. This effect is, of course, desira- 35 only tbe initial preferred limits of the invention for 
ble in many quarrying operations. ... - 



j -j j - r - 

As stated above, it has been found that certain 
hydrocarbon-nitroalkane-ammonium nitrate composi- 
tions or hydrocarbon-dinitroaromatic hydrocarbon- 



minimally activated ammonium nitrate prills. Composi- 
tions containing amounts of nitromethane and xylene 
outside the polygons can be made to work depending 



tions or hydrocarbon-dinitroaromatic hydrocarbon- upon degree of activation of the ammonium nitrate 
ammonium nitrate compositions (using activated am- 40 ^ will ^ explaine d hereinafter. 



as will be explained hereinafter. 

It has been found that if the density of commercial 
ammonium nitrate prills can be decreased, and more 
importantly, the oil absorptivity or oil retention as 



monium nitrate prills) are detonable with a number 6 
cap which heretofore have been thought to be detona- 
ble only with a much larger cap or primer charge. Such 

compositions using nitromethane, xylene and lightly deTerndned ’ by die test outlined below, can be in- 
activated ammonium nitrate prills are labeled as A, B, 45 ^ number of combinations of compositions 

C, D, and E on the plot in FI . . se composi ons ^ sens j t j 2er> fu e i ^ ammonium nitrate which can be 
were activated with 0.5 percent by weight water in ac- detonated b a number 6 can ^ great ly expanded, 

cord with the present invention as set for* telow. ^ ocedure is a relativdy simple opera- 

Other compositions not detonable by a number .6 ^cap ^ whjch on ^ commercial am- 

using similarly activated ammonium n«trate, are labeled mon{wn nitrate prin llle activation proC edure in- 

cludes adding a very minor proportion of water to am- 
monium nitrate prills, heating them to an elevated tem- 
perature, and drying the prills to a water content sub- 
55 stantially the same as that originally present in the am- 
monium nitrate prills. The water which can be added 
originally to the ammonium nitrate prills can range 
generally between about 0.3 percent by weight and 6 
percent by weight. If much less than 0.3 percent by 



F, G, H, J, K, L, M, N, O, Q, and R. In addition, it has 
been found that a mixture of nitromethane alone 
labeled “P” on the diagram containing about 52 
equivalents of nitromethane per 100 equivalents of am- 
monium nitrate is also detonable with a number 6 cap. 
However, this composition is less desirable than, for ex- 
ample, composition E since it is not near the oxygen 
balance line. Composition P is also less desirable 
because nitromethane and other nitroalkanes are much 



because nitromethane and other nitroalkanes are much percem uy weigm. 

more expensive than are the aromatic hydrocarbon 60 weight of water is added to the prills, followed by the 
_ . ... 11 1. j cnh«^niif»nt hf»atina and rirvinp. little or no activation OI 



fuels. A composition labeled “Q” which is oxygen 
balanced only with nitromethane is not detonable by a 
number 6 cap for all cap positions. Likewise, the corn- 



subsequent heating and drying, little or no activation of 
the ammonium nitrate takes place. If much greater 
than 6 percent by weight of water is added to the am- 



numoer o cap ior an cap ^iuuua. ««v w... r ^ 

positions labeled R, S and T on FIG. 1 containing only monium nitrate prills, undesirable dissolution of the 
mm H/ith Q nilTTlhpr f, ran Drills in the water begins to take place. Such dissolution 



xylene are not detonable with a number 6 cap. 

It has been found that compositions containing 
lightly activated ammonium nitrate prills within the 



prills in the water begins to take place. Such dissolution 
is not desirable since it is imperative to retain the prills 
in their original spherical form. A most preferred 
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amount of water to be added to the ammonium nitrate 
prills will range between about 0.5 percent to about 5 
percent by weight. Preferred temperatures to which the 
ammonium nitrate prills are heated and at which they 
are dried ranges from about 40° C. to about 130° C. 5 
The prills are dried to a moisture content of less than 
about 0.2 percent by weight and preferably to less than 

0. 1 percent by weight. 

It has been found that the foregoing activation 
procedure will reduce the untamped bulk density of the 10 
ammonium nitrate prills by more than 10 percent. Ad- 
ding a greater percentage of water within the foregoing 
range will produce a proportionate decrease in density 
while providing a proportionate increase in the oil re- ^ 
tention capability of the ammonium nitrate prills. As 
set forth in the examples, a composition which has been 
activated by the foregoing procedure will detonate with 
a number 6 cap even if no sensitizing composition in 
the liquid component is utilized. For example, in FIG. 20 

1, the composition labeled T, which is straight xylene 
mixed with ammonium nitrate, will not detonate with a 
number 6 cap using normal commercially available or 
lightly sensitized ammonium nitrate prills. However, 
after the composition has been subjected to the forego- 25 
ing activation procedure, using 5 percent water, com- 
position T is detonable with a number 6 cap. By sub- 
jecting the ammonium nitrate prills to the foregoing 
procedure, the oil retention of the prills can be in- 
creased to greater than about 10 percent by weight. 30 
Preferably, oil retention is increased to greater than 
about 20 percent by weight. 

Although an exact theory cannot be preferred, it is 
believed that the foregoing activation process is not a 
function of phase change, but rather is dissolution of a 
portion of the ammonium nitrate prills and a recrystal- 
lization of the dissolved portion. A theory by which the 
activation procedure takes place is as follows. A minor 
proportion of water is absorbed by the ammonium 
nitrate prills and penetrates the small voids and in- 
terstices on the interior of the prill structure. Of course, 
at low temperatures, the solubility of ammonium 
nitrate is low. It is believed that at the low temperatures 
(for example, room temperature) a saturation amount 45 
of ammonium nitrate is dissolved in the water as it 
proceeds to the interior of the prills. As the prills are 
then heated to an elevated temperature, the water on 
the interior of the prills contacting the walls of the 
voids and interstices can dissolve and solubilize greater 50 
and greater amounts of the ammonium nitrate. As the 
temperature continues to rise and as the water 
evaporates from the surface of the prills, capillary ac- 
tion drives liquid containing solubilized ammonium 
nitrate to the exterior of the prills. The water is then 55 
evaporated from the exterior of the ammonium nitrate 
prills redepositing ammonium nitrate on the exterior 
surface of the prills, thus leaving larger voids and in- 
terstices in the prills while physically increasing the size 
of the prills by redeposition of ammonium nitrate on 
the prill surface. The oil retention capability and actual 
bulk of the ammonium nitrate prills are increased al- 
lowing better interface contact between the fuel and 
sensitizer and the solid oxidizing component of the ex- ^ 
plosive composition. Although it is believed that this is 
the mechanism by which the foregoing activation 
procedure effectively increases the reactivity of the 



ammonium nitrate, it is not intended that the disclosure 
and invention should be limited by this theory. 

EXAMPLES 

The following examples are presented to further ena- 
ble one of ordinary skill in the art to reproduce the 
present invention. In addition, they set out preferred 
modes of carrying out the foregoing. They are not in- 
tended in any manner to be delimitative of the inven- 
tion, but are intended only as exemplary. All percent- 
ages used herein are by weight. 

When an oil retention figure is given in the examples 
and throughout this specification, it is determined by 
the following test. 100 grams of ammonium nitrate 
which is +18 United States mesh or greater is placed in 
a 140cc polyethylene bottle. The sample is weighed. 
Thereafter the bottle is filled to the lip with commercial 
grade xylene. The ammonium nitrate prills are allowed 
to soak in the xylene for about 5 minutes. Thereafter 
the bottle and sample are inverted on a screen and al- 
lowed to drain for 15 minutes. The polyethylene bottle 
is periodically squeezed during the drain period to 
prevent entrainment of liquid between the particles. 
The bottle, sample and absorbed or retained xylene is 
again weighed. The increase in weight is calculated and 
expressed as percent oil retained or percent retention 
by the following formula: 

weight of sample _ weight of 
plus absorbed oil original sample 
weight of original sample 

X 100%=percent oil retention. 

EXAMPLE I 

Commercial explosive grade ammonium nitrate prills 
weighing 1,000 grams (identified by the trademark 
Nitro-Carbo-Nitrate” available from Trojan-U.S. 
Powder, a Division of Commercial Solvents Corpora- 
tion, 260 Madison Avenue, New York, N. Y. 10016) 
having an oil retention of about 10 percent and a densi- 
ty of about 0.89 grams per cc are admixed with about 
40 grams of xylene and about 185 grams of 
nitromethane. The mixture is self-wetting. The 
resultant mixture is formed into a charge and a number 
6 cap connected to a 1 minute fuse is inserted into the 
mixture. Upon exploding the number 6 cap, the charge 
fails to detonate. 

EXAMPLE II 

A sample of commercial grade ammonium nitrate 
prills identical to that used in Example I weighing 1 ,000 
grams having an initial moisture content as purchased 
of about 0. 1 percent is placed in a glass beaker. Five 
grams of water (0.5 percent by weight based on the 
amount of ammonium nitrate) is added to and 
thoroughly mixed with the ammonium nitrate prills. 
The prills and intermixed water are then placed in an 
oven and heated to a temperature of about 80° C. The 
prills are maintained at that temperature for about 30 
minutes until they are dried to a moisture content of 
less than 0.2 percent. The prills are then removed from 
the oven and cooled to room temperature. 
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The original density of the prills prior to the forego- 
ing treatment is 0.89 grams per cc. The density after 
being subjected to the foregoing treatment is 0.73 
grams per cc, including fines. The oil retention of the 
original ammonium nitrate prills is about 10 percent. 
The oil retention of the prills after undergoing the 
foregoing treatment is about 20 percent. 

The above treated sample, weighing about 1,000 
grams, is mixed with about 40 grams of xylene, com- 
mercial grade, and about 185 grams of nitromethane, 
commercial grade. The ammonium nitrate is .self- 
wetting, i.e., capillary action and the absorptivity of the 
ammonium nitrate prills cause the liquid to travel 
throughout and completely wet the prills without shak- 
ing or mixing. 

The resulting explosive mixture is formed into a 
charge and a number 6 cap connected to a 1 minute 
fuse is inserted into the mixture. The mixture is placed 
on a limestone boulder (having a size of approximately 
2 cubic yards). Upon exploding the number 6 cap, the 
charge detonates with a loud report and substantial 
brisance. The charge shatters the boulder into particles 
having a mean diameter of less than about 5 inches. 
The foregoing procedure is designated Test A and is so 
plotted and identified in FIG. 1. 

The foregoing procedure is again repeated utilizing 
different amounts of xylene and nitromethane. These 
tests are designated B, C, D, E, F, G, H, J, K, L, M, N, 
O, P, G, R, S, and T. The results of these tests are also 
set forth in FIG. 1. The 0 symbols represent only partial 
or no detonation with a number 6 cap. The + symbols 
represent detonation with a number 6 cap accom- 
panied by substantial brisance. As is readily seen, only 
certain mixtures of xylene, nitromethane and ammoni- 
um nitrate activated with 0.5 percent water will 
detonate with a number 6 cap. 

EXAMPLE III 

The activation procedure of Example II is repeated 
utilizing 1,000 grams of the same ammonium nitrate 
prills. In this example, 50 grams of water (5 percent by 
weight) are added and thoroughly mixed with the am- 
monium nitrate prills. The prills are then placed in an 
oven and heated to a temperature of about 60° C. The 
prills are maintained at that temperature for about 30 
minutes and until they are dried to a moisture content 
of about 0. 1 percent. The prills are then removed from 
the oven and cooled to room temperature. 

The original density of the prills is 0.89 grams per cc. 
The density after being subjected to the foregoing ac- 
tivation procedure is 0.56 grams per cc. The original oil 
retention of the ammonium nitrate prills is about 10 
percent whereas the oil retention of the thus activated 
ammonium nitrate prills is about 30 percent by weight. 

The activated ammonium nitrate prills, weighing 
1 ,000 grams, are mixed with about 25 grams of xylene. 
The xylene is thoroughly intermixed with the ammoni- 
um nitrate prills. The resulting mixture is formed into a 
charge and a number 6 cap is inserted into the mixture 
and connected to a 1 minute fuse. The charge is placed 
on a limestone boulder of approximately 1 cubic yard. 
Upon exploding the number 6 cap, the charge 
detonates with a loud report and shatters the boulder 
into particles having a mean diameter of about 10 
inches. 
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EXAMPLE IV 

The procedure of Example III is repeated except that 
the activated ammonium nitrate prills are admixed with 
about 10 grams of toluene and about 150 grams of 
nitromethane. 

Upon forming the foregoing mixture into a charge 
and detonating it with a number 8 cap, substantial 
brisance is noted along with a loud report. A limestone 
boulder of approximately 2 cubic yards is shattered 
into pieces having a mean diameter of less than about 
10 inches. 

EXAMPLES V 

The procedure of Example III is repeated except that 
the activated ammonium nitrate prills are admixed with 
about 100 grams of nitropropane. The results upon 
detonation with a number 6 cap are substantially the 
same as those obtained in Example IV. 

EXAMPLE VI 

The procedure of Example II, composition A, is re- 
peated except that 40 grams of benzene is substituted 
for the 40 grams of xylene. Upon exploding a number 6 
cap in the mixture, the results are substantially the 
same as Example II. 

EXAMPLE VB 

The procedure of Example VI is repeated substitut- 
ing 40 grams of toluene for the benzene. Upon detona- 
tion with a number 6 cap, the results are substantially 
the same as those obtained in Example VI. 

EXAMPLE VIII 

The activation procedure of Example II, composition 
A, is repeated except that 10 grams of water are added 
to 1 ,000 grams of explosive grade ammonium nitrate 
prills ( 1 percent by weight based on the original prills). 
40 The water is thoroughly admixed with the ammonium 
nitrate. The mixture is then placed in an oven and 
heated to a temperature of about 100° C. The prills are 
maintained at that temperature for about 30 minutes 
and dried to a moisture content of less than 0. 1 per- 
45 cent. The prills are then removed from the oven and 
cooled to room temperature. The original density of 
the prills is 0.89 grams; the density after being sub- 
jected to the foregoing treatment is about 0.68 grams. 
The original oil retention of the ammonium nitrate 
50 prills is about 10 percent. The oil retention after being 
subjected to the foregoing activation procedure is 
about 25 percent. 

The thus activated ammonium nitrate prills, still 
weighing about 1 ,000 grams, is mixed with 40 grams of 
55 xylene and 1 85 of nitromethane. The ingredients readi- 
ly self-mix. The resulting mixture is formed into a 
charge and a number 6 cap connected to a 1 minute 
fuse is inserted into the mixture. The charge is placed 
on a limestone boulder of about 2 cubic yards in size. 
60 Upon exploding the number 6 cap, the charge 
detonates with a loud report and substantial brisance. 
The charge shatters the boulder into particles having a 
mean diameter of less than about 6 inches. 

65 EXAMPLE IX 

The procedure of Example II, composition A, is re- 
peated except that 20 grams of water (2 percent by 
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weight) are added to the ammonium nitrate prills. The 
original density and oil retention of the ammonium 
nitrate prills is 0.89 grams per cc and 10 percent, 
respectively. After the activation procedure, the densi- 
ty is 0.62 grams per cc and the oil retention is about 27 
percent. 

Upon being mixed with 40 grams xylene and 130 
grams nitromethane, the resultant mixture is formed 
into a charge and detonated with a number 6 cap. The 
charge detonates with a loud report and shatters a 
limestone boulder of about 2 cubic yards into particles 
having a mean diameter of less than about 6 inches. 

EXAMPLE X 

The procedure of Example II, composition A, is re- 
peated except that about 40 grams of methanol are sub- 
stituted for the xylene. Substantially the same results 
are obtained. 

EXAMPLE XI 

The procedure of Example II, composition A, is re- 
peated except that about 84 grams of methanol (same 
oxygen balance as about 40 grams of xylene) are sub- 
stituted for the xylene. The shattering results on a 2 
cubic yard boulder are inferior to those obtained with 
40 grams of xylene. For applications requiring max- 
imum energy release and brisance, the alcohol is inferi- 
or to xylene. 

EXAMPLE XII 

The procedure of Example II, composition A, is 
again repeated except that 60.7 grams of ethyl alcohol 
(same oxygen balance as 40 grams of xylene) are sub- 
stituted for the xylene. Upon detonating with a number 
6 cap, only a partial detonation is obtained. Thus ethyl 
alcohol is inferior to xylene, although usable for certain 
applications. 

EXAMPLE XIII 

The procedure of Example II, composition A, is 
again repeated except that 52.8 grams of propyl al- 
cohol (same oxygen balance as 40 grams of xylene) are 
substituted for the xylene. Upon exploding a number 6 
cap in the mature, no detonation is obtained. 

EXAMPLE XIV 

The procedure of Example IX is repeated utilizing 40 
grams of xylene and 130 grams of nitromethane. The 
resultant mixture is formed into a charge and placed at 
the center of a V& steel plate about 2 square. The plate 
is supported at its four comers approximately 6" above 
the ground. Upon exploding the number 6 cap, the 
charge detonates with a loud report, produces a large 
indentation in the steel plate and causes the plate to 
spall on the side opposite from that on which the 
charge exploded. The explosive mixture has substantial 
power. 

EXAMPLE XV 

To illustrate that an activation by the method dis- 
closed herein will take place totally within the ammoni- 
um nitrate phase above 32.1° C., 1,000 grams of am- 
monium nitrate is placed in an oven in a glass beaker at 
45° C. The initial moisture content of the ammonium 
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nitrate is about 0. 1 percent. The sample is left in the 
oven for 24 hours to assure that most of the sample has 
been converted to the crystalline phase above 32° C. 
After 24 hours at 45° C., 10 grams of hot water (74° C.) 

5 is admixed with the hot ammonium nitrate prills. The 
sample is immediately returned to the oven where it is 
dried for 1 hour at 80° C. until the moisture content is 
below 0.2 percent by weight. Thereafter the 1,000 
„ gram sample is mixed with 1 85 grams of nitromethane 
and 40 grams of xylene. The mixture is shaped into a 
charge and a number 6 cap inserted therein. While still 
above 32° C. the cap is exploded detonating the mix- 
ture. An excellent report is obtained. A % cubic yard 
15 boulder is shattered by the charge into pieces having a 
mean diameter less than about 4 inches. 

The original density of the prills prior to undergoing 
the activation procedure outlined above is about 0.89 
grams per cc. After the activation procedure, the prills 
20 have a density of about 0.78 grams per cc., thus indicat- 
ing activation has taken place. 

EXAMPLE XVI 

The procedure of Example IX is repeated this time 
^ substituting about 53 grams of butyl acetate for the 40 
grams of xylene. The mixture detonates upon explosion 
of a number 6 cap. A one cubic yard boulder upon 
which the charge is placed is shattered into pieces hav- 
30 ing a mean diameter of less than about 6 inches. The 
explosion has substantial brisance. 

EXAMPLE XVII 

The procedure of Example IX is repeated substitut- 
35 ing 152 grams of dinitrotoluene oil and 10 grams of 
aromatic naphtha (SC-150) for the nitromethane and 
xylene. Substantially the same results are obtained. 

EXAMPLE XVIII 
40 

The procedure of Example II is repeated with all 
compositions found to be detonable with a number 6 
cap in Examples II through XVII substituting non-ac- 
tivated explosive grade ammonium nitrate prills manu- 
45 factured by the Gulf Oil Company. All of the mixtures, 
except composition P, fail to detonate with number 6 
cap. 

EXAMPLE XIX 

The procedure of Example XVIII is repeated sub- 
stituting unactivated fertilizer grade ammonium nitrate 
prills supplied by the Gulf Oil Company. In each case 
the mixtures, except composition P, fail to detonate 
55 with a number 6 cap. 

EXAMPLE XX 

The procedure of Example VIII is repeated substitut- 
ing 1 ,000 grams of explosive grade ammonium nitrate 
60 prills available from the Gulf Oil Company. Substan- 
tially the same results are obtained. 

EXAMPLE XXI 

The procedure of Example VIII is repeated substitut- 
ing 1,000 grams of fertilizer grade ammonium nitrate 
for the explosive grade ammonium nitrate. Substan- 
tially the same results are obtained. 
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EXAMPLE XXII 

The procedure of Example III is repeated on com- 
positions S and T of FIG. 1 utilizing 1 ,000 grams of am- 
monium nitrate, dried at 75° C. Both of the composi- 
tions detonated with substantial brisance upon explo- 
sion of a number 6 cap therein. 

In another aspect of this invention, there are pro- 
vided a number of containers especially adaptable to 
the two component explosive of the present invention. io 
As previously mentioned, the liquid component con- 
taining the fuel or fuel and sensitizer mixture is held in 
a separate container and shipped separately to the site 
of use. The ammonium nitrate prills are shipped in a 
distinct container which generally has the shape of the 1 5 
charge to be used. Of course, the shape of the charge 
depends upon the particular application to which the 
explosives will be put. An explosive of this type can be 
formed into a shaped charge for use in shattering and 2Q 
breaking boulders and the like. FIGS. 2, 3, 4, and 5 il- 
lustrate different embodiments of a container for am- 
monium nitrate which can effectively be utilized with 
the present invention. The ammonium nitrate con- 
tainer, in addition to being shaped in the form of the 25 
desired charge, must have the capability of providing 
for easy mixing of a two component explosive. The 
containers described below can be manufactured from 
any suitable material. Most effective are moldable, 
thermosetting or thermoplastic materials such as 30 
polystyrene, polyethylene or polyamide materials. 
These materials can be molded to form a container of 
the appropriate shape. 

FIG. 2 is a partially broken away view of an explosive 
device which can be utilized primarily for demolition 35 
purposes. A container portion 10 having a shape 
generally that of a spherical segment contains ammoni- 
um nitrate prills. The rim of the container 10 has 
molded therein a groove 12 for receiving a circular lip 
14 contained on lid 16. A press fit between the groove 4 
12 and the circular lip 14 is provided to allow good seal 
during shipping for the container. It is desirable that the 
container provide as a good seal since ammonium 
nitrate is somewhat hygroscopic. Absorption of signifi- 45 
cant amounts of water will detrimentally affect the per- 
formance of the ammonium nitrate. The lid 16 has 
formed therein a conically shaped member 18 which 
extends into the ammonium nitrate. The conically 
shaped member 18 is provided to shape or direct the 50 
explosion of the explosive composition as it is 
detonated. At the site of use, the lid 16 is removed from 
the container 10. The liquid component is spread over 
the surface of the ammonium nitrate contained in the 
container 10 and the lid replaced. A number 6 cap can 55 
be placed on the ammonium nitrate by insertion 
through a hole or opening 20 provided with a suitable 
sealing member, such as plug 22, and thereafter 
detonated by exploding the number 6 cap. Alternative- 
ly the cap can be inserted in the ammonium nitrate 60 
prior to replacing the lid 16. In such a case a small slot 
24 in the lip 14 is provided for fuse access to the cap. 

In FIG. 3, a charge in the shape of a stick is provided 
with a cylindrical body member 26 for holding am- ^ 
monium nitrate prills. The cylindrical member 26 has 
sealingly attached thereto a cap 28 having a plurality of 
small openings 30 therein. The small openings 30 are 
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sealed by utilizing a flexible substantially planar 
member 32 having an adhesive on one face 34 which 
contacts the lid 28 to cover the holes 30. A tab 36 is 
provided for ease of removal of the sealing member 32. 
At the site of use, the liquid component of the explosive 
is poured over and into the holes. It can then penetrate 
the entire length of the stick 26 to be absorbed on the 
ammonium nitrate contained therein. A number 6 cap 
is inserted through one of the holes and the sealing 
member 34 is replaced as far as possible on the lid 
member 28. The explosives charge is then detonated by 
exploding the number 6 cap. 

In FIG. 4, another embodiment of a container to be 
utilized with the two component explosive of FIGS. 2 
and 3 is illustrated. It combines features of both of the 
containers described above. A container member or 
enclosure 40 is provided with a lid member 42 sealingly 
attached around the rim thereof. The lid 42 contains a 
plurality of holes 44 which are sealed or closed by a 
flexible sealing member 46 containing ah adhesive on 
the side thereof which contacts the lid member 42. The 
lid member 42 has formed or molded therein a conical 
member 48 which is provided to shape the explosive 
charge. 

FIGS. 5 and 6 illustrate still another embodiment of 
the casing or enclosure which can be utilized with the 
present invention. FIG. 5 shows a container having a 
shape substantially that of a spherical segment 50. A lid 
or cap 52 is affixed to the segment 50 after the am- 
monium nitrate is placed in the segment. The cap 52 
has a conically shaped charge indentation 54 molded 
therein. The center of container 50 has an opening 56 
therein into which a sealing cap or plug can be inserted. 
In this form of the invention, the liquid component of 
the explosive is poured into the opening 56 and travels 
along a path illustrated by arrows 58. The container is 
then inverted. The liquid which has not been complete- 
ly absorbed by the time it reaches the bottom of the 
container 52 will then travel along the path indicated 
by arrows 60 so that it can be completely absorbed. 

Homogeneous mixing in this device can be further 
improved by providing a ring 60 of a highly permeable 
or open pored sponge like material centered around 
hole 56 adjacent to casing segment 50. The ring can be 
made for instance, of any open pore, foamed material, 
such as foamed polyethylene. When the ring 60 is em- 
ployed, a second hole 62 is provided for injection of the 
liquid component into the ring material. The liquid 
component then flows rapidly to all parts of the ring 
and subsequently passes uniformly into the solid com- 
ponent present in the casing. The hole 56 is still used 
for insertion of a blasting cap. 

Many variations, alternations, substitutions and 
equivalents applicable to the various disclosed embodi- 
ments of the present invention will be recognized by 
those of ordinary skill in the explosives art. It is the in- 
tent of this disclosure, however, that the concepts of 
this invention be limited only by the appended claims. 

What is claimed is: 

1. A method for detonating a two component explo- 
sive mixture consisting essentially of: 

adding to activated ammonium nitrate prills having a 
density of less than about 0.80 grams per cubic 
centimeter a liquid sensitizer selected from a lower 
nitroalkane and dinitrotoluene oil and a liquid fuel 
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selected from a hydrocarbon derivative having an 
oxygen equivalent weight of less than about 4 
grams per oxygen equivalent, 
contacting the ammonium nitrate prills with an ex- 
plosive cap having a rating at least equal to a com- 5 
mercial number 6 cap, and 
exploding the cap, thereby detonating said mixture. 

2. The method of claim 1 wherein said fuel is an aro- 
matic hydrocarbon. 

3. The method of claim 1 wherein the ammonium 10 
nitrate has an oil retention of greater than about 10 
percent by weight. 

4. The method of claim 3 wherein said fuel is 

selected from aromatic hydrocarbons having less than 
about nine carbon atoms and petroleum .naphthas. 15 

5. The method of claim 4 wherein said liquid sen- 
sitizer is selected from a nitroalkane having less than 
about four carbon atoms and dinitrotoluene oil. 

6. The method of claim 4 wherein less than about 50 
percent of an oxygen balancing amount of fuel is sup- 20 
plied by said nitroalkane. 

7. A method of detonating a two-component explo- 
sive mixture comprising: 

adding to activated ammonium nitrate prills which 
have a density of less than about 0.80 grams per 25 
cubic centimeter and an oil retention of greater 
than about 10 percent by weight, nitromethane as 
a liquid sensitizer and xylene as a fuel; * 
contacting the resulting ammonium nitrate prills with 
an explosive cap having a rating equal to a com- 30 
mercial No. 6 cap; and 

exploding the cap, thereby detonating said mixture. 

8. A method of detonating a two-component explo- 
sive mixture comprising: 

adding nitromethane and xylene to activated am- 35 
monium nitrate prills which have a density of less 
than about 0.80 grams per cubic centimeter and an 
oil retention of greater than about 10 percent by 
weight, said nitromethane and xylene being added 
in quantities of less than about 20 percent of an ox- 40 
ygen balancing amount of nitromethane and 
greater than about 60 percent of an oxygen 
balancing amount of xylene; 
contacting the resulting ammonium nitrate prills 
which with an explosive cap having a rating equal 45 
to a commercial No. 6 cap; and 
exploding the cap, thereby detonating said mixture. 

9. A method of detonating a two-component explo- 
sive mixture comprising: 

50 



adding liquids selected from xylene and 
nitromethane to activated ammonium nitrate prills 
which have a density of less than about 0.80 grams 
per cubic centimeter to form an explosive mixture 
having a composition within the area founded by 
the polygon A',C',D',E',F',G'j H\ J\ K'; 
contacting the ammonium nitrate prills with an ex- 
plosive cap having a rating equal to a commercial 
No. 6 cap; and 

exploding the cap, thereby detonating the mixture. 

10. The method of claim 9 wherein said mixture 
comprises from about 0.02 to about 0.13 grams of 
nitromethane and from about 0 to about 0.05 grams of 
xylene per gram of ammonium nitrate. 

11. A method of detonating a two-component explo- 
sive mixture consisting essentially of: . 

adding to activated ammonium nitrate prills which 

have a density of less than about 0.80 grams per 
cubic centimeter and an oil retention of greater 
than about 10 percent by weight, a liquid compris- 
ing a fuel selected from a hydrocarbon derivative 
having an oxygen equivalent weight less than 
about 4 grams per equivalent to cause absorption 
of said liquid by said prills; 

contacting the resulting ammonium nitrate prills with 
an explosive cap having a rating at least equal to a 
commercial No. 6 cap; and 
exploding the cap, thereby detonating said mixture. 

12. The method of claim 11 wherein said fUel is an 
aromatic hydrocarbon. 

13. The method of claim 11 wherein said fuel is 
selected from aromatic hydrocarbons having less than 
about nine carbon atoms and petroleum naphthas. 

14. A method of detonating a two-component explo- 
sive mixture consisting essentially: 

adding to activated ammonium nitrate prills which 
have a density of less than about 0.80 grams per 
cubic centimeter and an oil retention of greater 
than about 10 percent by weight a liquid compris- 
ing an organic compound containing N-O bonds to 
cause absorption of said liquid by said prills; 
contacting the resulting ammonium nitrate prills with 
an explosive cap having a rating at least equal to a 
commercial No. 6 cap; and 
exploding the cap, thereby detonating said mixture. 

15. The method of claim 14 wherein said compound 
is selected from a nitroalkane having less than about 
four carbon atoms and dinitrotoluene oil. 
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